T
ONSILLECTOMY IS ONE OF THE most frequently performed surgical procedures in children. In 1998, the rate varied from 19 per 10 000 children in Canada to 118 per 10 000 in Northern Ireland. 1 In the United States, about 186 000 procedures are performed on an outpatient basis every year. 2 Common complications of tonsillectomy are postoperative nausea and vomiting (PONV), pain, and bleeding. 3 Nonsteroidal antiinflammatory drugs (NSAIDs) have been widely used in this setting for their pronounced analgesic efficacy and a lack of the emetogenic effect inherent to opioids. However, classic NSAIDs, through reversible platelet inhibition, further increase the risk of bleeding after tonsillectomy. 4, 5 Dexamethasone has antiemetic properties in the surgical setting. 6 An international expert panel recommended dexamethasone, alone or as part of a multimodal regimen, for PONV prophylaxis in adults and children. 7 It has been suggested that, especially in children undergoing tonsillectomy, dexamethasone is useful, not only for its antiemetic but also for its analgesic effects, and that it should be used routinely because the adverse effects and cost appear negligible. [8] [9] [10] [11] Indeed, dexamethasone for tonsillectomy has become standard care in many institutions. 12 The dose response of dexamethasone for prevention of PONV symptoms in pediatric tonsillectomy remains unclear, although doses up to 1 mg/kg have been tested. [13] [14] [15] [16] Also, the adverse effect profile has not yet been established. Finally, if dexamethasone were indeed analgesic in this setting, fewer postoperative analgesics such as NSAIDs would be needed postoperatively and, theoretically, patients would be less at risk of postoperative bleeding. We set out to address these issues in a randomized, placebo-controlled, dose-finding study. That trial had to be stopped prematurely for safety reasons.
METHODS

Study Population, Intervention, and Protocol
We recruited study participants from the University Hospital of Geneva, Switzerland. This is the only public hospital in Geneva (population, 450 000). Children aged 2 to 17 years scheduled for elective adenotonsillectomy for recurrent tonsillitis or sleep apnea were eligible to enter the study. Children were excluded if they had a history of allergy or hypersensitivity to dexamethasone, recent (Ͻ1 month) therapy with steroids or immunotherapy, mental retardation, if they had taken antiemetic medication within 24 hours before surgery, or if they had diabetes, recent vaccination (Ͻ1 month), or varicella infection (Ͻ1 month).
In accordance with published recommendations, 17 and because for surgical patients without liver dysfunction or history of oral anticoagulant use routine testing has no benefit in assessment of bleeding risk, 18 no routine preoperative blood tests for bleeding disorders were performed. However, children in whom a hemostasis disorder was suspected through patient or family history or those who were taking aspirin, classic NSAIDs, or other drugs that were interfering with coagulation were not considered for inclusion in the study. The study was approved by the institutional ethics committee and the Swiss agency for therapeutic products (Swissmedic). Written informed consent was obtained from parents and also from children if they were able to read and sign a specifically designed information sheet.
Procedures
Children were randomly assigned to 1 of 4 groups: dexamethasone 0.05, 0.15, or 0.5 mg/kg, or placebo (physiological saline). Randomization was done in blocks of 40 children (10 per group). Study medications were produced and randomized (using colored balls) by the pharmacy of Geneva University Hospital as indistinguishable 20-mL syringes and were injected intravenously on a milliliters-per-kilogram body weight basis (maximum dose of dexamethasone, 20 mg) after induction of anesthesia.
Children received oral midazolam, 0.3 mg/kg (maximum dose, 10 mg), as a premedication. Anesthesia was induced with sevoflurane or propofol and was maintained using a volatile anesthetic. Alfentanil was used for intraoperative analgesia. According to the anesthesiologist's preference, the trachea was intubated with or without a nondepolarizing neuromuscular blocking drug. During surgery, children received rectal acetaminophen, 40 mg/kg (maximum dose, 750 mg), and 20 to 25 mL/kg of a balanced salt solution with 1% glucose. In case of residual paralysis, reversal was with intravenous neostigmine, 0.05 mg/kg, and glycopyrrolate.
For tonsillectomy, 2 to 4 mL of bupivacaine 0.25% with epinephrine 1:200 000 was infiltrated around the tonsils. Classic complete tonsillectomy with dissection in the pericapsular plane was performed in all children. One of 3 surgical techniques was used according to the surgeon's preference: a cold technique (dissection with cold steel instruments, hemostasis with gauze compression), a hot technique (dissection and hemostasis with electric bipolar forceps), 19 or a combination of both. No packings were used.
After surgery, children were transferred to the postanesthesia care unit and 2 hours later to the ward, where they stayed overnight. In the postanesthesia care unit, children received intravenous boluses of morphine, 0.03 mg/kg, as analgesia. On the ward, analgesia was with oral or rectal acetaminophen-codeine (maximum daily dose of acetaminophen, 50 mg/kg). When pain relief was considered inadequate (see below), ibuprofen was added (maximum daily dose, 30 mg/kg). Children were free to eat and drink as soon as the surgeon confirmed through visual examination the absence of bleeding from the tonsillar bed. Children were discharged home the day after surgery. Analgesia at home was identical as on the ward.
End Points and Definitions
The primary objective was to investigate the dose-effect relationship of dexamethasone for the prevention of PONV at 24 hours. Vomiting was the forcible ejection of contents of stomach through the mouth. Retching (ie, the unproductive effort to vomit) was considered vomiting. Nausea was recorded if the child was able to express it. Rescue medication for PONV was with intravenous ondansetron, 50 µg/kg.
The secondary objective was to investigate the potential analgesic efficacy of dexamethasone. Pain intensity was recorded using 1 of 3 pain scales according to age and comprehension of the child: a 0-to 10-point visual analog scale (VAS), the 0-to 10-point revised Faces Pain Scale (rFP), 20 or the 4-to 13-point Children of Eastern Ontario Pain Scale (CHEOPS). 21 A VAS or rFP score of less than 3 and a CHEOPS score of less than 8 were regarded as ad-equate pain relief. The number of children needing morphine in the postanesthesia care unit and those needing ibuprofen during the first 24 hours were recorded.
Other outcomes included capillary serum glucose level after induction and at the end of surgery, delay until the first oral intake, and, using a 0-to 10-point scale, the child's quality of sleep and the nurses' and parents' overall satisfaction.
Bleeding episodes were separated into 3 categories: category 1, a history of bleeding leading to readmission but without evidence of bleeding at medical examination; category 2, readmission due to bleeding with evidence of bleeding at medical examination but no need for reoperation; and category 3, emergency reoperation due to bleeding.
In the postanesthesia care unit and on the ward until discharge at 24 hours, recordings were made by nurses. Parents were given a questionnaire to be filled in daily after discharge and were asked to bring it back to the routine surgical follow-up, which was scheduled for all children after 10 days. However, parents were instructed to come back to the otolaryngology outpatient clinic or to the emergency department in case of serious adverse events. They received oral and written instructions to provide an exclusively cold or roomtemperature soft diet.
Early Termination of the Trial
The randomization code was broken after 200 children to allow for an interim analysis. This unplanned analysis was triggered by a surprisingly high number of postoperative bleeding episodes in study participants and the decision of the university hospital to transfer these interventions from the division of Otolaryngology-Head and Neck Surgery to the children's hospital. The unexpected management decision was likely to threaten the successful termination of the study. There was an intention to continue enrollment, had the primary end point (significant dose response for PONV; P Ͻ.005) not been achieved at this time point. For that reason, only 2 of us (N.E. and M.R.T.) were given access to the randomization code; all other investigators remained unaware of group assignment. This interim analysis revealed a statistically significant and dose-dependent antiemetic effect of dexamethasone at 24 hours. However, the analysis also revealed a significant increase in the number of hemorrhages in children who had received dexamethasone.
After having consulted the institutional ethics committee, we stopped the trial prematurely. This shared decision was driven by 4 issues. First, study participants were children. Second, posttonsillectomy hemorrhage is a potential major harm. Third, at the time point of the interim analysis, the main end point of the study was already well documented. And fourth, in this context, dexamethasone could not be regarded as a vital treatment and without alternative. When the trial was stopped, 215 children had been randomized. To ensure that all bleeding episodes had been identified (ie, including those that happened after the 10-day follow-up), 2 surgeons (B.N.L. and R.G.), who were still unaware of study group assignment, reviewed the medical records of all randomized children to look for any emergency admission after the 10-day follow-up.
Statistical Analyses
We expected a cumulative 24-hour PONV incidence of 50%. A reduction to 25% was regarded as a relevant improvement in this context. 22 Seventy children were required in each group for 80% power to detect such a reduction with a significance level of .05. We intended to randomize 80 children in each group to allow for dropouts. A post hoc power analysis revealed that with 50 children per group (ie, at the time of the interim analysis), the power to study the antiemetic efficacy of dexamethasone was 67%.
Baseline characteristics were compared using the Mann-Whitney or Pearson 2 test as required. Dexamethasone groups were individually compared with the placebo group. A 2-sided PϽ.05 was considered statistically significant. The crude associations between dexamethasone groups and outcomes were analyzed using simple univariate analyses. Variables identified as potential confounding factors in previous studies were then introduced into a bivariate logistic regression model including dexamethasone exposure, outcome, and the potentially confounding factor. Crude and adjusted estimates were compared to assess the degree of confounding; variables were considered confounders if the estimates differed by more than 10%. A multivariate logistic regression model was then built that included all potential confounding factors. If the exclusion of a variable from the model did not decrease its fit to the data (assessed by a likelihood ratio test comparing a model including the variable with the nested model excluding it; P Ͼ .10) and increased its goodness of fit (assessed by a higher P value of the HosmerLemeshow test grouped on 10 quantiles), the variable was excluded from the multivariate model. Odds ratios were converted to relative risks. Colinearity was assessed by comparing the standard errors from the crude and the adjusted models. Interactions between exposure and potential confounders were not systematically assessed because of a lack of a priori hypotheses.
Departure from linear trend was assessed using the likelihood ratio test comparing logistic regression models considering dexamethasone doses as categorical or continuous variables. A linear relationship was assumed if PϾ. 10 . If the P value of the Wald test on the logistic regression coefficient was Ͻ.05, the dose-response relationship was considered significant.
Kaplan-Meier curves were built to illustrate the time to the first bleeding episode for each group separately; groups were compared using the logrank test. Analyses at 24 hours were performed on an intention-to-treat basis; impact of losses to follow-up was assessed in sensitivity analyses. Analyses were performed using Stata, ver- 
RESULTS
Patients and Enrollment
Between (FIGURE 1) . All received their assigned study treatment. One randomized child received corticosteroids intraoperatively and postoperatively for surgical reasons and in another child, the surgeon, immediately before starting the operation, decided to insert tympanostomy tubes but not to perform tonsillectomy. Both of these children were excluded from all analyses. Baseline characteristics were similar in the study groups except that children assigned to dexamethasone, 0.05 mg/ kg, received nitrous oxide less often (TABLE 1). Six randomized children were lost to follow-up after they had left the hospital on day 1.
Postoperative Nausea and Vomiting
Twenty-four hours after surgery, 24 of the 54 children who received placebo experienced at least 1 episode of PONV (44%; 95% confidence interval [CI], 31%-59%) as did 20 of 53 children who received dexamethasone, 0.05 mg/kg (38%; 95% CI, 25%-52%), 13 of 54 children who received dexamethasone, 0.15 mg/kg (24%; 95% CI, 13%-38%), and 6 of 52 children who received dexamethasone, 0.5 mg/kg (12%; 95% CI, 4%-23%) (PϽ.001) (TABLE 2). Age and nitrous oxide use were positive confounders. The dose response was significant in crude and multivariate analys e s a n d w a s c o n f i r m e d w h e n postoperative vomiting only and the need for rescue antiemetics were analyzed. Twenty-one children started vomiting after the 24th hour; in 6, the last vomiting episode was on the third postoperative day. 
Postoperative Analgesia
Children who received dexamethasone received ibuprofen significantly less often as a rescue analgesic during the first 24 hours, independent of the dose of dexamethasone (TABLE 3) . This was still true after adjustment for surgical technique. Dexamethasone did not decrease the need for morphine in the postanesthetic care unit nor did it decrease the proportion of children with inadequate pain relief during the first 24 hours.
Further Outcomes
Serum glucose levels at the end of surgery, quality of sleep during the first night, satisfaction levels of nurses and parents, delay until first oral intake, and the number of children who received antibiotics during the study period were similar among groups.
Postoperative Hemorrhage
Among the 6 children who were lost to follow-up, none had a bleeding episode during the first 24 hours. Among the remaining 207 children, 22 (10.6%; 95% CI, 6.8%-15.6%) experienced at least 1 bleeding episode; 4 had 2 episodes. All episodes occurred within the 10-day study follow-up except 1 category 1 episode that was diagnosed retrospectively through chart review and that had occurred on postoperative day 20 ( Age was significantly associated with bleeding risk and was a negative confounder of the association. The largest dose of dexamethasone was associated with the highest risk of bleeding in crude and adjusted analyses. Eight children needed emergency reoperation because of posttonsillectomy hemorrhage (bleeding category 3); they had all received dexamethasone (Table 4) . With the largest dose of dexamethasone, the risk was highest, although the difference compared with placebo was only borderline significant (P=.05). 
Sensitivity Analyses
Information on body mass index and bleeding was available for 175 children. Twelve children (6.9%) were obese, 23 none of whom had an episode of bleeding. Of the 163 nonobese children, 19 (11.7%) had an episode of bleeding (P = .21). For the remaining 3 children with bleeding, body mass index was not available; all had received dexamethasone.
Exposure to ibuprofen at home remained unknown for 23 children because parents failed to fill in the questionnaires. One of these children experienced a bleeding episode; she had received dexamethasone, 0.5 mg/kg. In the sample of children in whom ibuprofen exposure at home was known (n = 190), exposure did not confound the association and did not increase the fit of the model to the data.
When we assumed that none of the 6 children lost to follow-up had bleeding, the adjusted relative risk for any bleeding with dexamethasone, 0.5 mg/kg, was 6.53 (95% CI, 1.69-16.3) and for bleeding with evidence at clinical examination was 7.67 (95% CI, 1.02-31.7). When we assumed that all children lost to follow-up had bleeding, the adjusted relative risk for any bleeding with dexamethasone, 0.5 mg/kg, was 5.07 (95% CI, 1.70-10.7) and for bleeding with evidence at clinical examination was 4.94 (95% CI, 1.16-14.2).
Surgical Interventions
All interventions were performed by staff surgeons or by residents under the supervision of staff surgeons. Twentytwo surgeons performed the operations; they were equally distributed among the study groups. Children who had bleeding were operated on by 9 surgeons (41% of all surgeons) who performed a total of 162 surgeries (76% of all surgeries). For these 9 surgeons, the median ratio of the number of performed surgeries per number of subsequent bleedings was 7 (range, 4-16) ( Table 4) .
COMMENT
The 2008 guidelines of the Association of Paediatric Anaesthetists of Great Britain and Ireland conclude that in patients undergoing tonsillectomy, "dexamethasone 0.15 mg/kg provided good reduction in postoperative vomiting with no adverse effects." 24 Expert panels have recommended the widespread use of dexamethasone in surgical patients. 7 Prophylactic dexamethasone has become standard care in children undergoing tonsillectomy in many institutions. [8] [9] [10] 12 Several authors have suggested that dexamethasone should be given in considerably higher doses than what we tested. [13] [14] [15] [16] Our trial showed that dexamethasone significantly and dose-dependently decreased the incidence of PONV in children undergoing tonsillectomy. Dexamethasone also decreased the need for rescue analgesia with ibuprofen. However, dexamethasone was associated with a significant increase in the risk of postoperative bleeding.
Observational studies have reported an association between steroid exposure and an increased risk of bleeding in the context of tonsillectomy. 25, 26 A case-control study reported a significant annual 15% increase in posttonsillectomy hemorrhage, and the authors suggested that this may be partially related to the increased use of perioperative steroids. 26 A retrospective chart review of 430 tonsillectomy patients found that the use of intraoperative steroids, among other factors, was positively correlated with postoperative bleeding; however, curiously, the authors concluded that the use of steroids could probably be discounted as a causative factor. 25 Previously published trials that studied the impact of dexamethasone on PONV in children undergoing tonsillectomy were small 27, 28 or their observation periods were short. 13, 16 If we had restricted our observation period to 24 hours, we would have identified an antiemetic dose response with dexamethasone without any evidence of an increased bleeding risk and concluded that dexamethasone, 0.5 mg/kg, was efficacious and safe.
The association between dexamethasone and increased risk of bleeding was unexpected, and alternative explanations should be explored. Chance is an unlikely explanation for our finding, as reflected by P values below the conventional .05 significance level. Selection bias was unlikely too; group assignment was allocated through randomization. Concealment of allocation was ensured by the hospital pharmacy, and anesthetists, surgeons, patients, and investigators were blinded to study treatments.
We explored potential confounding factors. Surgical techniques were equally distributed among groups, 29 and we were unable to identify any clustering of the surgeons among the different groups. The baseline risk was not excessively high; similar rates of reoperation after tonsillectomy have been reported before. 4, 5 Also, the distribution of surgical indications was similar in the entire cohort and in the subgroup that had bleeding.
Residual confounding is possible. We cannot rule out that some children had an unrecognized hemostasis disorder. The most common hereditary coagulopathy, von Willebrand disease, affects about 2% of the population. 30 Theoretically, about 4 children may have had von Willebrand disease; they may have all received dexamethasone and none placebo. We cannot rule out that a child with von Willebrand disease bled because of the underlying disease rather than the dexamethasone. We abstained from performing preoperative blood tests. 17 However, those with a suspected coagulation disorder or those taking anticoagulants, aspirin, or classic NSAIDs did not undergo tonsillectomy.
Several arguments suggest that the association between dexamethasone and bleeding should be considered causal. Reverse causality can be excluded. The magnitude of the association was strong; with the largest dose of dexamethasone, the bleeding risk appeared to be 4 times higher than the risk associated with classic NSAIDs. 4, 5 A biological basis for the increased bleeding risk would support causality. Dexamethasone was shown to interfere with platelet aggregation in animals, 31 but in humans, glucocorticosteroids did not impair platelet function or primary hemostasis. 32 An increased bleeding risk associated with dexamethasone in the absence of a preliminary lesion seems unlikely. In infants with bronchiolitis who received high doses of dexamethasone, no bleeding was reported. 33 Concomitant use of NSAIDs may have reinforced the bleeding risk. The risk of gastrointestinal hemorrhage in patients taking classic NSAIDs is largely increased by concomitant glucocorticosteroids. 34 One of our initial hypotheses was that children who were exposed to dexamethasone would need less NSAIDs postoperatively and, subsequently, would be less prone to bleeding. Yet the risk of bleeding was increased in children who received dexamethasone although they were significantly less frequently exposed to ibuprofen. This observation further strengthens the additional bleeding risk that is associated with dexamethasone.
The most convincing biological explanation might be related to inhibition of repair processes of wounds by glucocorticosteroids 35 and to delayed ulcer healing. 36 Ulcer healing is a programmed and complex repair process. 35, 37 Epidermal and basic fibroblast growth factors regulate the process of mucosal healing and are inhibited by dexamethasone. [38] [39] [40] Dexamethasone decreases collagen deposition, epithelization, and fibroblast content of surgical wounds. 41 This would explain why bleeding sometimes occurred several days after administration of dexamethasone.
Dose responsiveness for the bleeding potency of dexamethasone would further support causality. There was no evidence against a statistically significant linear trend for any bleeding. However, with the lowest dose, the risk appeared to be greater than with the medium dose. This observation has both methodological and clinical implications. First, absence of a consistent dose response does not necessarily mean that there is none. Our trial was designed to test the antiemetic dose response of dexamethasone; the doses were chosen accordingly. Lower doses need to be tested to identify a possible bleeding-inducing dose response of dexamethasone. The clinical message is that we cannot conclude with confidence that dexamethasone doses below 0.5 mg/kg are safe.
The problem of early termination of our trial should not be disregarded. 42, 43 Stopping early for evidence of harm has the same potential to exaggerate the magnitude of harm as would stopping early for benefit to exaggerate the magnitude of benefit. Against these methodological constraints, ethical issues needed to be weighed. We considered it unacceptable to continue recruiting children in this context.
Tonsillectomy is not comparable with most other surgical interventions because the wound created by the excision of the tonsils is neither sutured nor covered by sealing or hemostatic material. It remains a large wound surface, which is covered by crusting and exposed to food, inhaled air, and saliva. The vascular supply of the tonsils is rich. Posttonsillectomy hemorrhage is a potentially lethal complication because the upper airways are unprotected and manual compression is nearly impossible. If hemorrhage does not stop spontaneously, reintervention is unavoidable. Blood loss becomes evident only when the child is hemodynamically instable or vomits the swallowed blood. 44 In summary, in children undergoing tonsillectomy, dexamethasone has a significant and dose-dependent antiemetic effect and decreases the need for rescue analgesia with NSAIDs. However, it cannot be excluded that dexamethasone, possibly through inhibition of wound healing, increases the risk of postoperative bleeding in this specific setting. Randomized trials that are specifically designed to confirm or refute our findings are needed, although it may be difficult to perform such trials in children. Future trials should involve several centers to improve the applicability of the results. In the meantime, and even though dexamethasone is a potent antiemetic drug, it may be prudent to avoid it in children undergoing tonsillectomy.
Many of the brain's remaining mysteries need for solution mere wiring diagrams; yet a metaphysical halo lingers about the mystery of self-consciousness. A computer, after all, of sufficient complexity could handle the stimuli and responses of living without any component that says "I." But within the human-and, dare we think, the cetacean and simian?-brain there is a watcher, who always recedes, and who answers every question with another question.
-John Updike (1932-) 
